Understanding the variation regularity of lake level and the potential driver factors can provide insights into lake conservation and management. In this study, inter-and inner-annual variations of lake level in Qinghai Lake during the period 1961-2012 were analyzed to determine whether climatic factor or runoff factor were responsible for the variations. The results showed that lake level decreased significantly during the period 1961-2004 at a rate of À7.6 cm/yr, while increasing significantly during the period 2004-2012 at a rate of 14 cm/yr, and all were significant at a p value of <0.01. Lake level was most sensitive to climate and river runoff. Precipitation and river runoff had directly positive effects on lake level, but inverse evaporation and wind speed played a significantly negative role on lake level. The relative contributions of influencing factors in the Southeast Asian monsoon (SEAM) and the westerly circulation periods on annual lake level variations were approximately 49.8% and 27.8%, respectively. The relative contributions of temperature, precipitation, evaporation, and wind speed on lake level variation were approximately 13.8%, 36.3%, 27.1%, and 18.4%, respectively. In general, the annual lake level was primarily influenced by precipitation and evaporation of the SEAM period.
INTRODUCTION
Understanding the variation regularity of lake level and the potential driver factors can provide insights into the fields of engineering design, ecological conservation, and environmental management around a lake region, so the variations of water level in lakes all over the world have attracted increasing global attention in recent years (Wantzen et al. ; Wen et al. ; Reid et al. ) . In the past few decades, water level of lakes on the Asian continent (e.g., Aibi Lake, Issyk-Kul Lake, Lop Nor Lake, Qinghai Lake) have decreased continually (Qin ; Liu ; Yuan et al. ) . However, the reasons for each lake level decrease were different: natural factors (climate and runoff), human activities, or comprehensive influences of natural factors and human activities. For example, alpine lakes on the Tibetan Plateau were minimally disturbed by human activities and were sensitive indicators of climate variability (Song et al. a) . Qinghai Lake is the largest inland lake in China, lying in the cold and semiarid region of the northeastern Tibetan Plateau (Figure 1 ). The lake is a national nature reserve and an important water body that influences the ecological integrity of the entire region (Tang et al. ) . In the past few decades, 50% of the rivers flowing into the lake have dried up due to climate (Cui et al. ) . Therefore, due to using and comparing annual data of lake level, runoff, and precipitation, the reason for Qinghai Lake level variation is not fully explained. Nor is the contribution of each factor on lake level variation yet fully understood. This study analyzed monthly lake level, climate factors, and river runoff data to investigate the reasons for lake level variation, using principal component analysis (PCA) as an analytical method. The objectives of this study were: (1) to investigate the monthly and annual variations of Qinghai Lake level; (2) to identify the reasons for lake level variation; and (3) to discuss future possible variation of lake level. It is hoped that study results will provide insight into the hydrological processes of the Qinghai Lake Basin, and inform water resource management in the Qinghai Lake Basin and the northeastern Qinghai-Tibet Plateau. The lake water has a salinity of 15.5 g/L and pH of 9. Its water chemistry is similar to many saline lakes in the Tibetan Plateau; the cations of lake water is in the order: DATA AND METHODS In this study, correlation analysis (CA) and PCA were used to study the impacts of climate and runoff on lake 
STUDY AREA
Na þ > Mg 2þ > K þ > Ca 2þ ,
RESULTS
Changes of lake level, climate, and river runoff (Table 2 ). This trend was similar to trends seen in the 'Three-River Headwaters' regions (the Yangtze River, the Yellow River, the Lancang River) and on the Tibetan Plateau 
Relationships between climatic factors and river runoff
According to Figure 4 , at the annual scale, high evaporation peaks generally corresponded to low precipitation and low humidity, but also to relatively high temperature and high wind speed (e.g., 1969, 1979, 1995, and 2001) . The opposite also holds true: low evaporation peaks generally corresponded to high precipitation and high humidity, but also to relatively low temperature and low wind speed (e.g., 1967, 1983, 1989, 2005, and 2012 ). CA results (Table 3) showed that the evaporation was highly negatively correlated to precipitation and humidity. Statistically, the absolute values of correlation coefficients were all above 0.35, and all were significant at a p value of <0.05. These results suggested that high evaporation was closely related to dry climate, and low evaporation was closely related to wet climate. Humidity was positively correlated with precipitation (Table 3) , namely, the precipitation had a positive effect on humidity. Due to the high wind speed despite low temperatures, monthly evaporation was relatively high in March and April (Figure 3 ).
At the annual scale, high runoff peaks generally corresponded to high precipitation and low evaporation (e.g. , 1967, 1983, 1989, 1999, and 2005) ; conversely, significant drops in runoff generally corresponded to low precipitation and high evaporation (e.g., 1969, 1973, 1979, 1995, and 2001) . Precipitation changes affected the generation of surface runoff directly, whereas temperature changes affected the evaporation of surface runoff (Cui & Li a). These results indicated that drops in river runoff were closely related to a dry and relatively warm climate, whereas increases in river runoff were closely related to wet and relatively cold climates.
Precipitation had a positive effect on runoff, while potential evaporation due to temperature and wind speed played a negative role (Li et al. ; Zhang et al. a) . Pearson correlation coefficients between river runoff and climatic factors showed that runoff was positively correlated with precipitation and humidity, but negatively correlated with evaporation and wind speed; all were significant at a p value of <0.01 (Table 3) . However, the correlation coefficient between runoff and temperature was not statistically significant (Table 3) . These results demonstrated the river runoff in the Qinghai Lake Basin was primarily influenced by precipitation.
Response of lake level variation to climate and runoff
According to Table 2 , 1967, 1983, 1989, 1999, 2005, and 2012 ; solid line in Figure 4) . Drops in lake level corresponded to relatively low precipitation, humidity, and runoff, but also to relatively , 1969, 1973, 1979, 1995, and 2001 ; dotted line in Figure 4 ). Pearson correlation coefficients showed that lake level variation was highly positively correlated to precipitation, humidity, and river runoff, and negatively to evaporation and wind speed. All correlations were significant at a p value of <0.001 (Table 3) .
However, the correlation coefficient between lake level variation and temperature was 0.05, with a non-significant relationship. These results suggested that lake level increase was closely related to wet climate; lake level decline was closely related to dry climate. For monthly lake level variation, the maximum drops were in November and December and were closely related to the freezing of Qinghai Lake's surface from November to March (Che et al. ) . The maximum increases in lake level were in July and August and were closely related to high river runoff and high precipitation in summer season (Cui et al. ) .
Pearson correlation coefficients showed that during SEAM or WC periods, lake level was highly positively correlated to precipitation, humidity, and river runoff, and negatively correlated to evaporation and wind speed (Table 4) . However, the correlation coefficient between lake level variation and temperature was below 0.05 and the relationship was non-significant.
PCA results (Tables 5 and 6) showed that the cumulative variance for the first five PCs were relatively high and reached almost 85.4% (>85%), and the eigenvalue of PC5 was 1.1 (>1).
In order to distinguish the contribution of potential influencing factors during two periods (SEAM and WC), the cumulative variance was selected above 95%, so PCs would be analyzed from PC1 to PC8 (Table 5 ). PC1 (variance of 38.0%) was strongly positively correlated with humidity and was negatively correlated with evaporation of the SEAM period, with each absolute loading exceeding 0.84 (Table 6 ).
PC2 (variance of 18.0%) was strongly positively correlated with wind speed and was negatively correlated with temperature of the SEAM and WC periods, with each absolute loading exceeding 0.65. PC3 (variance of 11.8%) was strongly (variance of 9.5%) was strongly positively correlated with wind speed of the SEAM period, with loading exceeding 0.56 (Table 6) T-E, temperature of the Southeast Asian monsoon period (SEAM); P-E, precipitation of the SEAM; E-E, evaporation of the SEAM; W-E, wind speed of the SEAM; H-E, humidity of the SEAM; R-E, river runoff of the SEAM; T-W, temperature of the westerly circulation period (WC); P-W, precipitation of the WC; E-W, evaporation of the WC; W-W, wind speed of the WC; H-W, humidity of the WC; R-W, river runoff of the WC.
of influencing factors of both the SEAM period and WC period was approximately 18.0% (PC2).
Owing to the closed basin of the Qinghai Lake, precipitation was the sole source of water inputting into the basin, meaning that river water was mainly fed by precipitation in the basin (Cui & Li a) . Further, precipitation directly affected humidity (Table 3) , thus contributions of river runoff and humidity on lake level variation were merged into the precipitation's contribution. Therefore, the relative contributions of temperature, precipitation, evaporation, and wind speed to Qinghai Lake level variation were approximately 13.8%, 36.3%, 27.1%, and 18.4%, respectively (Tables 5 and 6 ). These all indicated that annual lake level variation was primarily influenced by precipitation and evaporation of the SEAM period.
DISCUSSION
The results show that the changes of lake level were divided 
